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History

* Early computers used a very basic
persistent storage system, based on
punched cards or paper tape

* Drum memory was one of the first
magnetic read/write storage systems
— It was widely used in the 1950s and into
the 1960s

— Consisted of a large rotating metal cylinder
that was coated on the outside with
magnetic recording material

— Multiple rows of fixed read-write heads
were placed along the drum, each head
reading or writing to one track

— The drum could store 62 kB of data
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History — Hard disks

The first commercial digital disk
storage device was part of the IBM
RAMAC 350 system, shipped in 1956

— Approximately 5 MB of data

— Fifty 61 cm diameter disks

— Weighed over a ton

Over the years:
— Physical size of hard disks shrunk
— Magnetic density increased

— Rotation speed increased from 3,600
rpm to 15,000 rpm
— Seek times lowered as a result of using

servo controlled read/write heads
instead of stepper motors




History — Tapes

The IBM 726, introduced in 1952, was
one of the first magnetic tape systems
— 2 MB per 20-centimeter-diameter reel of
tape
Reel tapes were used until the late
1980s, mostly in mainframes

In 1984, DEC introduced the Digital
Linear Tape (DLT)

— Super DLT (SDLT) tape cartridges can store
up to 300 GB of data

Linear Tape Open (LTO) was originally
developed in the late 1990s

— LTO version 7 was released in 2015 and
can hold up to 6 TB of data




Storage building blocks



Storage model
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Disks — command sets
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Mechanical hard disks
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Mechanical hard disks
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Mechanical hard disks
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Mechanical hard disks
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Solid State Drives (SSDs)
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Solid State Drives (SSDs)
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Solid State Drives (SSDs)
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Disk capacity - Kryder's law

* The density of
information on
hard drives
doubles every
13 months
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* An average
single disk drive
in 2025 will
hold more than
20,000 TB (20
PB) of data
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Disk capacity - Kryder's law

* The picture on the right
shows 8 bytes core memory
and 8 GB SD flash memory

— An increase of 1,000,000,000
times in 50 years

* To have full benefits of
Kryder's law, the storage
infrastructure should be
designed to handle just in
time expansion

— Buy disks as late as possible!




Tapes
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Tapes
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Tapes
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Tapes
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Tape library

e Tape libraries can be used to
automate tape handling

* Atapelibraryis a storage
device that contains:
— One or more tape drives

— A number of slots to hold tape
cartridges

— A barcode or RFID tag reader to
identify tape cartridges

— An automated method for
loading tapes




Virtual tape library

ddolamY gl ¢pisal (o891 (VTL) dusl oY1 db a1 48 pdsciude
00 VTL 098y
f&bj\JL@}
9 dudad! Jas il 834> Sl galip-
O Ecwds
e eIVl ddle o8l ) Busduued! Balaiwlg uloh,o}’\ Fewddl (o VTLS poxie
4\.93):&)\ Olwbndlg ub.l.wd\g ulaallg ubhoﬁ’\ Tl liidas
a5 Caww SATA 9l NL-SAS (oly81 (ailase 4l VTL ol elazs pdsiude
Luwd dund sl
S3gl Bodaie Ao il po Jolaill Bodaio dus) 8l A & u@m)sy Lile



Controllers
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Controllers
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Controllers

* The controller
splits up all disks in
small pieces called
physical extents

* From these
physical extents,
new virtual disks
(Logical Unit
Numbers - LUNSs)
are composed and
presented to the
operating system
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RAID
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RAID
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Virtual Disk
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RAID 1 - Mirroring

Virtual Disk
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RAID 10 - Striping and mirroring
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RAID 5 - Striping with distributedparity
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RAID 6 - Striping with distributed doubleparity
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Data deduplication
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Data deduplication
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Data deduplication

(5295 91 roae S 8),Sedl UL £l cly] o Sape

e UL LUS 8 8y ,Sadl bl ] il diauaall 8 Sl olilid! s L] gaviy-
g o2yl

c39 1§ pel3Yl e OBl LSS Cuenipe

b 80 elol dygie pudye



Data deduplication
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Cloning and snapshots
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Cloning and snapshots
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Thin provisioning
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Direct Attached Storage (DAS)
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Storage Area Network (SAN)
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Storage Area Network (SAN)

The core of the SAN is a
set of SAN switches,
called the Fabric

— Comparable with a LAN’s

switched network
segment

Host bus adapters (HBAs)
are interface cards
implemented in servers

— Comparable to NICs used
in networking

— Connected to SAN
switches, usually in a
redundant way

Server Server
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Storage Area Network (SAN)

* |In SANs, a large number of
disks are installed in one
or more disk arrays

* The number of disks
varies between dozens of
disks and hundreds of
disks

e Adisk array can easily
contain many hundreds of
terabytes (TB) of data or
more




SAN connectivity protocols

* The most used
SAN

connectivity
protocols:

— Fibre Channel
— FCoE

— 1SCSI




Fibre Channel

WW¢25M\QAMmJ§§3y@(FC) o)l Blalle
udjzd\ubbdﬁdw
163\4Mb/wb;oSch/wb;o4ch/wbu.>2 Ole udle

Mb / wbuo-
e Jonye
STP)9 UTP 1 (Lgidell d930dl dacoleidl 2IMYI-
Mya.j\ dU)’\ u)bS—
oo ly8 S Jad bauas 4@l 8Lall J3Ssigy pelal ele



FCoE
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FCoE
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FCoE
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FCoE

* FCoE needs specialized
Converged Network Adapters
(CNAs)

* CNAs support the Ethernet
extensions

* They present themselves to the
operating system as two
adapters:

— Ethernet Network Interface
Controller (NIC)

— Fibre Channel Host Bus Adapter
(HBA)

Server

Operating system

Ethernet FC
driver driver

v

CNA

FCoE switch

Z

FC
switches

N
J Ethernet

switches




ISCSI
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